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ABSTRACT
In this study, the separate effects of (Bao.6Sro.4)Ti03  (BST) ceramics and ZnO-TeC>2 glass 
additions on dielectric properties of CaCu3Ti4 0 i2 (CCTO) ceramics were investigated 
and prepared from high purity oxide powders by the conventional solid state synthesis 
method . For the first series, (l-x)CCTO- (x)BST (x=0,0.05, 0.1, and 0.2) composite, X- 
ray diffraction (XRD) analysis showed the existence of BST as a secondary phase 
alongside CCTO. Scanning electron microscopy (SEM) showed a slight decrease in grain 
size of doped CCTO samples. Addition of BST into CCTO caused the dielectric constant 
to slightly decrease but improved stability with frequency compared to the undoped 
sample. The decrease in dielectric constant of doped CCTO samples was suggested to be 
partly due to the decrease in average grain size and increase in porosity with BST 
addition. The dielectric loss (tan 8) of CCTO reduced by the BST addition and probably 
due to the increase of grains boundary resistivity. The activation energy of grains 
boundary (Egb) showed higher values as compared to the activation energy of grains (Eg) 
for all samples and conforms to the internal barrier layer capacitor (IBLC) model. For the 
second series (l-x)CCT0-(x)(Zn0-Te02) (x=0,0.01, 0.03, and 0.05) glass composite, X- 
Ray diffraction investigation showed single phased CCTO for all samples without 
presence of any crystalline phase related to Zn0-Te02. Scanning electron microscope 
(SEM) showed the grain size of CCTO ceramics increased with increasing addition of 
Zn0-Te02 glass additive. The addition of Zn0-Te02 glass improved the dielectric 
constant of CCTO for entire frequencies probably due to the increase of grain size of 
CCTO ceramics. In addition, it was found that the dielectric loss of CCTO reduced by the 
Zn0-Te02 glass addition and it was suggested to be due to the increase of grain boundary 
resistivity. The resistance of grains boundary (/?gb) showed higher values as compared to 
the resistance of grains (Rg) for all samples and the large difference between the 
resistances also conforms to the IBLC model.
ACKNOWLEDGEMENTS
I would like to express my gratitude to both my supervisors Prof. Dr Ahmad Kamal 
Hayati Yahya and Dr. Mahesh Kumar Talari for their guidance, suggestions, criticism 
and full encouragements throughout the completion of this project.
I thankfully acknowledged all my friends and my colleagues for their continuous help, 
support and friendship throughout this study. It would be tougher without their advices 
and supports.
I am constantly, indebted to my family, especially my parents, Ibrahim Awang Hamat 
and Maznah Che Daud for their love and support throughout my life. I would also like to 
thank to my dear husband, Fifi Hafizi Mansor for his spiritual support during completion 
this thesis.
I would like to thank to the Ministry of Higher Education and UiTM scholarship for 
providing the financial support for this research in the period of Jun 2010 to Dis 2012. 
Without the financial assistance this research may not be possible.
My greatest and ultimate debt and gratitude is due to Allah, the Most Beneficent and the 
Most Merciful. May He pardon and forgive my weaknesses and endow me with 
knowledge and wisdom.
TABLE OF CONTENTS
Page
AUTHOR’S DECLARATION ii
ABSTRACT iii
ACKNOWLEDGEMENT iv
TABLE OF CONTENTS v
LIST OF TABLES viii
LIST OF FIGURES x
LIST OF ABBREVIATIONS xv
LIST OF SYMBOLS xvii
CHAPTER ONE: INTRODUCTION
1.1 Background of CaCu3Ti4 0 i2 1
1.2 Problem Statement of Study 4
1.2.1 (Bao 6,Sro.4)Ti03  Addition 4
1.2.2 0.3ZnO-0.7Te02 Glass Addition 5
1.5 Objectives of Study 5
1.6 Scope and Limitations of Study 6
1.7 Significance of Study 6
CHAPTER TWO: LITERATURE REVIEW
2.1 Dielectric Materials 8
2.2 Dielectric Properties 9
2.2.1 Dielectric Constant, 8r 9
2.2.2 Dielectric Loss, tan 8 11
2.3 Dielectric Polarization Mechanism 12
2.3.1 Electronic Polarization 13
2.3.2 Ionic Polarization 14
v
